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Abstract

Sarcocystis neurona is the most important cause of a neurologic disease of horses, equine proto-
zoal myeloencephalitis (EPM). Cats and other carnivores can act as its intermediate hosts and horses
are aberrant hosts. Little is known of the sero-epidemiolody oéuronainfections in cats. In the
present study, antibodies & neurona were evaluated by th& neurona agglutination test (SAT).

Cats fed sporocysts from the feces of naturally infected opossums or inoculated intramuscularly with
S neuronamerozoites developed high levelsX:4000) of SAT antibodies. Antibodies$neurona

were not found in a cat inoculated with merozoites of the closely related paasitecystis fal cat-

ula. These results should be useful in studying sero-epidemiolo§yrelrona infections in cats.
Published by Elsevier Science B.V.
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1. Introduction

Sarcocystis neurona is the most important cause of a neurological disease of the horse
(equine protozoal myeloencephalitis—EPM) and EPM is the most commonly diagnosed
neurologic disease of the horse in the Wdibey et al., 2001b It has an unusual life cycle.

Cats, raccoons, armadillos, skunks, and sea otters can act as its intermediate hosts and
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opossums are its definitive hosBubey et al., 2000, 2001b,¢,&headle et al., 20013,b
Tanhauser et al., 20D10possums excrete sporocysts in their feces after ingesting tissues
of intermediate hosts that harbor the sarcocyst. Intermediate hosts become infected by
ingesting food and water contaminated with sporocysts. Horses are its aberrant host and
become infected by ingesting sporocysterfger et al., 1997; Dubey and Lindsay, 1998
However, unlike intermediate hosts, sarcocysts are not formed in the horse; only schizonts
are found in tissues of the hordeubey et al., 1991

Little is known of the sero-epidemiology 8fneuronain the intermediate hosts. Recently,
antibodies tdS. neurona were found in 58.6% of 99 raccoonisifdsay et al., 2001l The
objective of the present study was to investigate antibody responses of cats experimentally
infected withS. neurona.

2. Materials and methods
2.1. Infections of cats

Parasite-free cats from a closed colony were used. The management and history of these
cats has been reporteldibey, 199%. Three experiments were performed.

In experiment 1, cats had been fed sporocysts of the SN 15-OP isottesofona from
a naturally infected opossund(bey et al., 2000 These cats were the same as used for
studying the life cycle o&. neurona (Dubey et al., 2000 The cats were bled and killed on
days indicated ifable 1

In experiment 2, four 61-85-day-old cats were inoculated subcutaneously (sc) &ith 10
or more culture-derived merozoites 8f neurona (cats 542, 544, 552) or Sarcocystis
falcatula-like parasite (cat 543)Table 9. The S neurona isolates were obtained in cell
cultures inoculated with brains of interferon gamma gene knockout (KO) mice that had
been fed sporocysts from naturally infected opossums as descbieey, 2000; Dubey
et al., 2001x TheS falcatula isolate was obtained in cell culture seeded with lung tissue
of a budgerigarMelopsitticus undulatus) No. 152b that had been fed sporocysts from a
naturally infected South American opossuBidel phis marsupialis) from Brazil (Dubey
et al., 2001k The cats were bled and killed as indicatedable 2

Table 1
S neurona agglutination antibodies in cats fed sporocysts from a naturally infected opossum
Cat no. Cortisone Day killed Antibody titers day post-inoculation
given 0 7 20 35 49 144-167

511 Yest 36 <25 25 40000 40000 ND
525 Yest 144 <25 25 4000 40000 20000 40000
536 No 144 <25 <25 800 800 800 800
498 Yes 167 <25 <25 40000 40000 16000 40000
499 Yes 167 <25 <25 16000 16000 64000 64000

aNot done.

b Muscles from these cats were fed to two cats (No. 573, 574) and two dogs (No. 28, 29).
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Table 2
Sarcocystosis in cats inoculated sc with merozoiteS aéurona or S. falcatula

Catno. Organism Dose Day Bioassayin Antibody titers at weeks post-inoculation

killed opossum no. 0 23 45 78 8-9 14

543 Sfalcatula 4.6 x 10° 101 1 Negative <25 25 <25 <25 <25 <25

2 Negative

552 S neurona 1.25x 107 105 3 Negative <25 <25 25 25 25 6400
4 Positive

544 S neurona 1 x 107 105 5Negative <25 500 5000 5000 64000 64000

542 S neurona 2 x 10° 103 6 Negative <25 100 100 500 500 25
7 Negative

In experiment 3, six 72—-76-day-old cats were fel0° sporocysts of the isolate SN
30-OP; the sporocysts had been stored’& for 9 months Dubey et al., 2000aFour cats
were given methyl prednisolone acetate intramuscularly 7 days before and 14 and 40 days
after feeding sporocysts (DAFSs)able 3. The cats were bled and killed on the days
indicated inTable 3 Skeletal muscles from four cats (two given cortisone and two not given
cortisone) were fed to laboratory-raised opossum Nos. 13, 22, 23 and 24. The opossums
were raised as described Byibey et al. (2000)

2.2. Bioassay of cat musclesin opossums, dogs and cats

Muscles of certain cats were fed to laboratory-raised opossiiatsies 2 and Bas
described Dubey et al., 2000 In addition to opossums, muscles from cats 495 and 499
were pooled and fed to two cats and two laboratory-raised dadpd ). Feces of opossums,
dogs, and cats were examined for sporocysts. If no sporocysts were found in feces, small
intestinal homogenate was digested in 5.25% sodium hypochlorite (Clorox) and the digest
examined for sporocysts as describPdlfey et al., 2001)d The number of sporocysts shed
were counted in intestinal homogenates of opossums as desdpibbéy 2000).

Table 3
S neuronainfection in cats fed sporocysts of the SN 30-OP isolate
Cat Cortisone, Day Fed to No. of Antibody titers days post-inoculation
no. mg/kg killed opossum  sporocysts

(total mg)? no. shed -7 14 42 74 82-178
598 5mg (20) 142 22 & 10° <50 64000 64000 64000 4000
599 5mg (20) 178 No NA <50 ND 64000 64000 64000
600 10mg (35) 82 13 29 10° <50 1000 64000 64000 16000
601 10mg (40) 178 No NA <50 10 64000 64000 64000
602  None 144 24 <108 <50 1000 100 100 100
603  None 144 23 2x10° <50 100 64000 64000 4000

2Methylprednisolone acetate was injected intramuscularly on d&y44 and 40.
b Day 82 (cat 600), day 144 (cats 598, 602, 603), day 178 (cats 599, 601).
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2.3. S neurona agglutination test (SAT)

The SAT as described Hyindsay and Dubey (2001yas used to determine antibodies
in sera of cats.

3. Resaults

Antibodies toS neuronawere found in sera of cats by 21 DAFS, whether cats were given
cortisone or not. However, antibody titers in cats given cortisone were higher than those not
given cortisoneTables 1 and 3 The cat inoculated wit®. falcatula merozoites remained
seronegative<£1:25) (Table 2, except for a low titer of 1:25 on day 28dble 2. All three
cats inoculated witls. neurona merozoites developed antibodiesSmeurona (Table 2.

Opossums fed muscles of cats that had been fed sporocysts shed few to 29 million sporo-
cysts (fable 3. The two cats and two dogs f&neurona sarcocysts did not shed sporocysts.

4. Discussion

Results of this investigation demonstrate that catsSfeurona sporocysts can develop
high levels of antibodies measured in the SAT. All cats had no detectable antibodies to
S neurona before the start of the experiment. The cats used were parasite-free. The study
was not designed to investigate sensitivity and specificity of SAT in cats, although one cat
(No.543) inoculated with merozoites of a closely related par&sitéécatuladid not develop
antibodies t&. neurona. We did not have access to sera from cats infected with other species
of Sarcocystis (Dubey et al., 198Por from cats with naturab. neurona infection (Turay
etal., 2002

In the present study one cat (No. 552) inoculated Bitheurona merozoites developed
S neurona sarcocysts that were infective to opossums. Thus, it was possible to obtain
sporocysts derived fror. neurona merozoites. This finding is of interest because until
now it has not been possible to obtain sporocysts from horse-derived isol&e®afona.

In addition, S. neurona has not been demonstrated in tissues of horsesSfegurona
sporocystsubey et al., 2001

S neuronahas an unusual life cycle with a wide range of intermediate hosts and opossums
as the only definitive host. In the present study, dogs and cafs fedrona sarcocysts did
not shed sporocysts suggesting that they are not definitive hossrfeurona.

Shedding ofS. neurona sporocysts in the present study confirms our earlier findings of
cats as being an intermediate host $omeurona (Dubey et al., 2000 A recent report
indicates that cats in nature are also an intermediate hoSttiearona (Turay et al., 200R
Although feces of laboratory-raised opossums were not monitored before feeding infected
tissues, there is no likelihood at all that they could be infected naturallySsittocystis.

Antibodies toS. neurona (SAT titers> 1:25) were found in 13% of 310 cats from rural
Ohio (J.F. Stanek, R.W. Stich, J.Pubey et al., 200R Antibodies toS. neurona were
not found in 1:25 dilution of serum from 502 domestic cats from the city of S&o Paulo,
Brazil, providing suggestive evidence for the specificity of the SAT; 26.3% of these cats
had antibodies t@. gondii in modified agglutination tesDubey et al., 200R
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